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,QWURGXFWLRQ
5HQHZDEOH HQHUJ\ KDV VKRZQ JUHDW SRWHQWLDO WR DVVLVW XV LQ PHHWLQJ RXU JOREDO VXVWDLQDEOH HQHUJ\ GHPDQGV
SDUWLFXODUO\LQFRXQWULHVDQGUHJLRQVZLWKDORZDYDLODELOLW\RIIRVVLOIXHOVDQGQXFOHDUHQHUJ\>@&RQVHTXHQWO\WKHUH
KDVEHHQJURZLQJLQWHUHVWLQWKHGHYHORSPHQWRIWHFKQRHFRQRPLFDOO\VRXQGELRHQHUJ\V\VWHPVLQSDUWLFXODUDUHFHQW
IRFXVRQ WKHGHULYDWLRQRIELRIXHOV IURPDOJDOELRPDVVERWKPLFURDQGPDFUR>@ZKLFK LVFRQVLGHUHG WKH WKLUG




FRPSHWLWLRQ ZLWK IRRG FURSV +HQFH WKH XVH RI DOJDO ELRPDVV IHHGVWRFNV ZRXOG QRW FRQWULEXWH WR WKH ULVH LQ
GHIRUHVWDWLRQ UDWHV DQG GDPDJHV WR ELRGLYHUVLW\ RU WKH ULVH RI IRRG FURS SULFHV$GGLWLRQDOO\PLFURDOJDH FDQ EH
FXOWLYDWHGLQORZHUTXDOLW\ZDWHUVHJVDOWZDWHUZDVWHZDWHURUUHF\FOHGZDWHUDQGPDUJLQDOODQGV0LFURDOJDHFDQ
DOVR EH HPSOR\HG WR UHPRYH FHUWDLQ ZDWHU SROOXWDQWV LQ ZDVWHZDWHU DQG WKH\ FDQ DIIHFW ZDWHU FKHPLVWU\ DQG
ELRFKHPLFDOFRPSRVLWLRQXQGHUDSSURSULDWHFRQGLWLRQV >@)LQDOO\SKRWRV\QWKHVLV IL[HV&2 LQ WKHJURZWKRI WKH
IHHGVWRFNSURYLGLQJDFDUERQQHXWUDOELRIXHOFRPSDUHGWKHIRVVLOIXHODOWHUQDWLYHV>±@
)RUWKHVHUHDVRQVWKLVVHFWRUPD\SOD\DIXQGDPHQWDOUROHLQWKHIXWXUHHQHUJ\V\VWHPV+RZHYHULWLVLPSRUWDQWWR



















LQYHQWRU\ RI ELRPDVV DQG UHVXOWLQJ HQHUJ\ EDODQFHV )LQDOO\ UHVXOWV REWDLQHG XVLQJ WKH 5H&L3H PHWKRG LQ WKH
FRPSXWDWLRQRIHQYLURQPHQWDOLPSDFWVEDVHGRQWKHVHDOWHUQDWLYHVDUHGLVFXVVHG
7KHJRDODQGVFRSHRIWKHDQDO\VLV







LPSDFW JHQHUDWHG E\ WKH HQWLUH LQGXVWULDO V\VWHP EXW RQO\ WKH GLIIHUHQFHV ZLWK UHVSHFW WR WKH WZR FRORFDWLRQ
DOWHUQDWLYHVZKLFKRQO\RFFXUVDWWKHDOJDOFXOWLYDWLRQSKDVH

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
)LJ%LRGLHVHOIURPPLFURDOJDHSURGXFWLRQSURFHVVZLWKPDLQLQSXWVDQGRXWSXWV
7DEOH VXPPDUL]HV WKHPDLQGLIIHUHQFHV DPRQJ WKH WKUHH VFHQDULRV FRQVLGHUHGZLWK UHVSHFW WR WKH VXSSO\RI
&2QXWULHQWVDQGZDWHUIRUWKHDOJDHFXOWLYDWLRQ
7DEOH6FHQDULRVRYHUYLHZ




















7KH IXQFWLRQDOXQLWFKRVHQ IRU WKH VWXG\ZDV WKHSURGXFWLRQRINJRIGU\DOJDOELRPDVV7KHVHOHFWHGVWUDLQ
Chlorella vulgaris, DFKLHYHRQDYHUDJHDELRPDVVFRQFHQWUDWLRQRIGU\ZHLJKW':DQGZDVVHOHFWHGDVD
PRGHOVSHFLHVDVLWKDVEHHQVKRZQWRJURZZHOOLQZDVWHZDWHUSURYLGHQXWULHQWSROLVKLQJDQGLVUREXVWDVZHOODV







,Q DQ DOJDO FXOWLYDWLRQ VHYHUDO QXWULHQWV DUH UHTXLUHG DV GLIIHUHQWPHWDOV &DOFLXP 3RWDVVLXP0DJQHVLXP
9LWDPLQVHWF1HYHUWKHOHVV WKH WZRPRVWGHPDQGHGRQHVDUH1LWURJHQDQG3KRVSKRURXVDQG WKHVHDUHXVXDOO\
WKHJURZWKOLPLWLQJIDFWRUVLQDFXOWLYDWLRQV\VWHP7KHDQDHURELFGLJHVWHUHIIOXHQWFHQWUDWHLVDULFKVRXUFHRI
LQRUJDQLF QXWULHQWV IRU SKRWRDXWRWURSKLF FXOWLYDWLRQV >@ 7KH DQDO\VLV RI WKH FHQWUDWH SURGXFHG DW WKH
5DYHQVYLHZ :DVWHZDWHU 7UHDWPHQW SODQW UHYHDOHG WKDW WKH UDWLR RI 13 ZDV SDUWLFXODUO\ KLJK 7KXV WKH
SURGXFWLRQ FDSDFLW\ RI WKH DOJDO SRQG ZDV OLPLWHG LQ RUGHU WR DYRLG DGGLWLRQDO &2 RU QXWULHQWV VXSSO\
UHTXLUHPHQWV IURP H[WHUQDO VRXUFHV %DVHG RQ SUHOLPLQDU\ FDOFXODWLRQV >@ RQH RI WKH WHFKQRHFRQRPLF
ERWWOHQHFNVH[LVWVLQWKHDYDLODELOLW\RI3KRVSKDWHLQWKHFHQWUDWHSURGXFHGE\WKHZDVWHZDWHUWUHDWPHQWSODQW7KH
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QXWULHQWUHTXLUHPHQWIRUDOJDOFXOWLYDWLRQYDULHVZLWKVSHFLILFDOJDHVSHFLHVEXWPRVWRSWLPL]DWLRQVDUHH[SHFWHG
WREHDURXQGWKHUHFRPPHQGHG5HGILHOGUDWLRRI&13>@7KHFKDUDFWHULVWLFVRIWKHZDVWHZDWHUDQG
FHQWUDWH GLVFXVVHG LQ WKLV ZRUN DUH UHODWLYHO\ ORZ LQ SKRVSKDWH 7DEOH  $OWKRXJK WKH QLWURJHQ VWDUYDWLRQ LV
ZLGHO\XVHGWRLQGXFHOLSLGDFFXPXODWLRQWKHODFNRISKRVSKDWHLQDFXOWXUHGRHVQRWKDYHWKHVDPHHIIHFW>@
+HQFH WKLV ZRUN FRQVLGHUHG WKH SKRVSKDWH DYDLODELOLW\ LQ WKH FHQWUDWH DQG ILQDO HIIOXHQW RI WKH WDUJHWHG
ZDVWHZDWHU SODQW DV WKH OLPLWLQJ IDFWRU IRU FXOWXUH VFDODELOLW\ 7KH SURGXFWLRQ FDSDFLW\ RI WKH SODQWZDV WKXV
OLPLWHG WR  WRQV ': RI PLFURDOJDH SHU \HDU ZKLFK ZRXOG UHTXLUH D SRQG VL]H RI DSSUR[LPDWHO\  KD
FRPSDWLEOHZLWKWKHODQGDUHDDYDLODEOHDWWKHWZRFRORFDWLRQVLWHVFRQVLGHUHG
,Q FDVHRI VFHQDULRDZKLFK LQYROYHV WKHXVHRI D WDQN WUXFN WR WUDQVSRUW WKHFHQWUDWH IURP WKHZDVWHZDWHU
WUHDWPHQW SODQW WR WKH FHPHQW SODQW D  NP URXWH SHU URXQG WULSZDV DVVXPHG0RUHRYHU FRQVLGHULQJ D WDQN
FDSDFLW\RIPWKLVZRXOGUHTXLUHDERXWWULSVGD\WRWUDQVSRUWWKHQHFHVVDU\FHQWUDWHYROXPH
7DEOH&RPSRVLWLRQILQDOHIIOXHQW5DYHQVYLHZZDVWHZDWHUWUHDWPHQW'DWDFROOHFWHGIURP5HYHQVYLHZ::73
5DYHQVYLHZ&HQWUDWHXQILOWHUHG 9DOXH 5DYHQVYLHZ&HQWUDWHXQILOWHUHG 9DOXH
'DLO\FHQWUDWHYROXPHPG  3KRVSKRUXVFRQFHQWUDWLRQPJO 
7RWDOFHQWUDWHYROXPHP\  1LWURJHQFRQFHQWUDWLRQPJO 
3KRVSDWHFRQFHQWUDWLRQPJO  3RWDVVLXPFRQFHQWUDWLRQPJO 

,QGHWHUPLQLQJWKHGLPHQVLRQVRIWKHSLSLQJV\VWHPWRFRQYH\FHQWUDWHIURPWKHZDVWHZDWHUWUHDWPHQWSODQWWR
WKH FHPHQW SODQW VFHQDULR E D IORZ UDWH RI  PK  KRXUV SHU GD\ ZDV DVVXPHG DQG D SLSH ZLWK D
GLDPHWHURIPPZLWKDOHQJWKRINPZDVVHOHFWHGHQWDLOLQJDG\QDPLFSUHVVXUHGURSRINJFPDQG
UHTXLULQJDSXPSDEVRUELQJN:$OLIHWLPHRI\HDUVZDVDVVXPHG,QGHWHUPLQLQJWKHGLPHQVLRQVRI WKH






UHILOOLQJ WDQN WUXFN HOHFWULF HQHUJ\ FRQVXPSWLRQ SLSHV FRQVWUXFWLRQ DQG RSHUDWLRQV KDYH EHHQ WDNHQ IURP WKH
(FRLQYHQW9GDWDEDVH>@
7DEOH0DLQLQYHQWRU\GDWDIRUWKHSURGXFWLRQRINJ':RIDOJDHELRPDVV
,QYHQWRU\IORZ 6FHQDULRD 6FHQDULRE 6FHQDULR
7UDQVSRUWE\WDQNWUXFNWNP   
(OHFWULFHQHUJ\WRFRQYH\IOXHJDVYLDSLSHN:K   
(OHFWULFHQHUJ\WRFRQYH\FHQWUDWHYLDSLSHN:K   
3LSHFRQVWUXFWLRQWRFRQYH\IOXHJDVP   
3LSHFRQVWUXFWLRQWRFRQYH\FHQWUDWHP   
)UHVKZDWHUFRQVXPSWLRQNJ   
/LIHF\FOHLPSDFWDVVHVVPHQW
7KHOLIHF\FOHLPSDFWDVVHVVPHQWTXDQWLILHVWKHSRVLWLYHRUQHJDWLYHLPSDFWRISURFHVVLQYHQWRU\IORZV)RUWKLV
DQDO\VLV WKH 5H&L3H LPSDFW DVVHVVPHQW PHWKRG ZDV DGRSWHG ,W FRQVLGHUV WKH IROORZLQJ LPSDFW FDWHJRULHV
FOLPDWH FKDQJH KXPDQ KHDOWK R]RQH GHSOHWLRQ KXPDQ WR[LFLW\ SKRWRFKHPLFDO R[LGDQW IRUPDWLRQ SDUWLFXODWH
PDWWHU IRUPDWLRQ LRQLVLQJ UDGLDWLRQ FOLPDWH FKDQJH HFRV\VWHPV WHUUHVWULDO DFLGLILFDWLRQ IUHVKZDWHU
HXWURSKLFDWLRQ WHUUHVWULDO HFRWR[LFLW\ PDULQH HFRWR[LFLW\ DJULFXOWXUDO ODQG RFFXSDWLRQ XUEDQ ODQG RFFXSDWLRQ
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DQG WUDQVSRUW RI FHQWUDWH IURP5DYHQVYLHZZDVWHZDWHU WUHDWPHQW SODQW E\ WDQN WUXFN DQG VFHQDULR  LH FR
ORFDWLRQZLWK WKH5DYHQVYLHZZDVWHZDWHU WUHDWPHQWSODQWDQGIOXHJDVFRQYH\HGIURPWKH%DWK/DIDUJHFHPHQW
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
)LJ&RPSDULVRQEHWZHHQVFHQDULRDUHGEDUVDQGVFHQDULRUHGEDUV
)LJ  DQG )LJ  WKH UHVXOWV REWDLQHG IURP WKH FRPSDULVRQ EHWZHHQ VFHQDULR E LH FRORFDWLRQ ZLWK %DWK
/DIDUJHFHPHQWSODQWDQGWUDQVSRUWRIFHQWUDWHIURP5DYHQVYLHZZDVWHZDWHUWUHDWPHQWSODQWYLDSLSHDQGVFHQDULR













,Q WKLV ZRUN D FRPSDUDWLYH OLIH F\FOH DVVHVVPHQW DSSURDFK ZDV XVHG WR H[DPLQH WZR GLIIHUHQW UHDOLVWLF
DOWHUQDWLYHV IRU WKH FRORFDWLRQ RI DQ DOJDO FXOWLYDWLRQ SODQWZLWK DQ H[LVWLQJ FHPHQW SODQW RU ZLWK D ZDVWHZDWHU
WUHDWPHQW IDFLOLW\ ERWK ORFDWHG QHDU .LQJVWRQ 2QWDULR &DQDGD ,Q WKH DQDO\VLV D FRQVHTXHQWLDO DSSURDFK ZDV
DGRSWHG PHDQLQJ WKDW RQO\ GLIIHUHQWLDO PDVV DQG HQHUJ\ LQSXWV DQG RXWSXWV ZHUH TXDQWLILHG DQG DVVHVVHG 7KH





















>@ 6FRWW6$'DYH\03'HQQLV -6+RUVW ,+RZH&-/HD6PLWK'-6PLWK$*%LRGLHVHO IURPDOJDH&KDOOHQJHVDQGSURVSHFWV&XUUHQW
2SLQLRQLQ%LRWHFKQRORJ\±













>@5DV0 /DUGRQ / %UXQR 6 %HUQHW 1 6WH\HU -3 ([SHULPHQWDO VWXG\ RQ D FRXSOHG SURFHVV RI SURGXFWLRQ DQG DQDHURELF GLJHVWLRQ RI
&KORUHOODYXOJDULV%LRUHVRXUFH7HFKQRORJ\±
>@(FRLQYHQWGDWDYILQDOUHSRUWVHFRLQYHQW(FRLQYHQWFHQWHU'EHQGRUI&+HGQ6ZLVVFHQWUHIRU/LIH&\FOH,QYHQWRULHV




>@$ULWD &(4 3HHEOHV & %UDGOH\ 7+ 6FDODELOLW\ RI FRPELQLQJ PLFURDOJDHEDVHG ELRIXHOV ZLWK ZDVWHZDWHU IDFLOLWLHV $ UHYLHZ $/*$/
±
>@$EGHOD]L]$(0 /HLWH*%+DOOHQEHFN 3&$GGUHVVLQJ WKH FKDOOHQJHV IRU VXVWDLQDEOH SURGXFWLRQ RI DOJDO ELRIXHOV ,$OJDO VWUDLQV DQG
QXWULHQWVXSSO\(QYLURQPHQWDO7HFKQRORJ\±±
>@/L<+DQ);X+0X-'L&KHQ)HQJ%=HQJ+3RWHQWLDOOLSLGDFFXPXODWLRQDQGJURZWKFKDUDFWHULVWLFRIWKHJUHHQDOJD&KORUHOODZLWK
FRPELQDWLRQFXOWLYDWLRQPRGHRIQLWURJHQ1DQGSKRVSKRUXV3%LRUHVRXUFH7HFKQRORJ\±
>@ ,QWHUQDWLRQDO62UJDQL]DWLRQ,62(QYLURQPHQWDOPDQDJHPHQW/LIHF\FOHDVVHVVPHQW3ULQFLSOHVDQGIUDPHZRUN
